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1-1-2 Yuraku-cho 
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[There are no amendments to this patent.] 

CLAIM 

A method for the manufacture of a low-molecular-weight cellulose organic acid ester, 
characterized by heating cellulose acetate with a saturated or unsaturated organic acid at a 
temperature above 30°C in the presence of a cation exchange resin, wherein the resulting 
cellulose organic acid ester has a lower molecular weight than the starting cellulose acetate and 
at least a portion is acetate. 

DETAILED EXPLANATION OF THE INVENTION 

The present invention concerns a method for the manufacture of low-molecular-weight 
cellulose organic acid esters; it is an objective of the present invention to provide an economic 
and easy method for making high-purity low-molecular-weight cellulose organic acid esters by 
heating cellulose acetate with an organic acid in the presence of a cation exchange resin. 

Low-molecular-weight cellulose organic acid esters have excellent properties such as 
solubility, miscibility, flowability, etc., and have been widely used in coatings, etc. It is well 
known that such low-molecular-weight cellulose organic acid esters can be obtained by 
decomposition of the main chain of high-molecular-weight cellulose organic acid esters. 

In general, decomposition of the main chain of cellulose derivatives can be done by 
mechanical means, thermal means, radiation, oxidation, acid hydrolysis, etc. Of these, oxidation 
and acid hydrolysis are well known. For oxidation and acid hydrolysis, air or peroxides is/are 
used. However, air oxidation is very slow. Oxidation by peroxide is fast, but residual peroxide 
removal is difficult and there are some side reactions. The acid hydrolysis of cellulose esters may 
accompany not only the main chain decomposition, but also hydrolysis of the pendent ester 
portion, resulting in a reduced degree of substitution, and after the reaction it is necessary to 
remove the acid used as a catalyst by a cumbersome process using a neutralizing agent. Also, the 
reactor has to be acid-resistant. The degree of substitution is the value of the average number of 
substitutions of the three hydroxy groups per anhydrous glucose constituting cellulose. Main 
chain decomposition without lowering the degree of substitution is disclosed in U.S. Patent 
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Nos. 3,386,932, 3,391,135, etc. While difficulties in the acid hydrolysis process are partially 
overcome, there are still problems with acid removal and the reactor. 

A minute amount of acid or inorganic salt in low-molecular-weight cellulose organic acid 
esters often cause discoloration, which is a fatal defect in the case of coatings. It is well known 
that of such acids used as catalysts, H 2 S0 4 easily bonds with cellulose, so it is difficult to 
remove, and HC1, HCIO4, and BF 3 form undesirable salts in neutralization. 

It is an objective of the present invention to overcome such problems and to provide a 
method for the economical manufacture of high-purity low-molecular-weight cellulose organic 
acid esters. 

Namely, the present invention concerns a method for the manufacture of a low- 
molecular-weight cellulose organic acid ester, characterized by heating cellulose acetate with a 
saturated or unsaturated organic acid at a temperature above 30°C in the presence of a cation 
exchange resin, wherein the resulting cellulose organic acid ester has a lower molecular weight 
than the starting cellulose acetate and at least a portion is acetate. 

Cellulose acetate is a macromolecule having large pendent acetyl groups; it appears that a 
solid cation exchange resin which is a rigid macromolecule itself, approaches the main chain 
with difficulty, thus its reaction with the main chain is expected to be very weak. However, we 
have made an unexpected discovery that strong main-chain decomposition occurs when cellulose 
acetate is heated with an organic acid in the presence of a cation exchange resin and when 
organic acids other than acetic acid are used, cellulose acetate mixtures with other organic acid 
esters are formed. The present invention is based on such a discovery. 

The cation exchange resins favorably used in the present invention are strong-acid cation 
exchange resins having a sulfonic acid group as the main functional group as well as weak-acid 
cation exchange resins having a carboxy group as the main functional group that are weaker than 
the strong-acid cation exchange resins with regard to main-chain scission action. Specific 
examples of cation exchange resins that can be used in the present invention include Dowex 
50W, Dowex MSC-1, etc., of the Dow Co.; Ambeiiite IR 1 18, Amberlite 120B, Amberlyst 15, 
Amberlyst XN-1004, etc., of the Rohm & Haas Co.; and Diaion SKI A, Diaion PK204, etc., of 
the Mitsubishi Kasei Kogyo Co. In short, cation exchange resins having a sulfonic acid group as 
the main functional group are good. There are many substances other than those described above 
that can be used. 

Cation exchange resins can be used in a batch process by heating cellulose acetate, an 
organic acid, cation exchange resin, and solvent, if needed, in a reactor, or in a continuous 
process by passing a feed solution consisting of cellulose acetate, an organic acid, and solvent, if 
needed, through a tubular reactor packed with a cation exchange resin. 
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The amount of cation exchange resin used should be above 5% (wt%, same hereafter) of 
cellulose acetate starting material in the batch process. Below 5%, the reaction is too slow, thus 
not favored. While there is no upper limit, in the batch process, below 50% is a practical limit. 

There are no specific limitations on the degree of polymerization and degree of 
substitution of cellulose acetate used as the starting materia] of the present invention. The degree 
of substitution of cellulose acetate starting material can be chosen according to the degree of 
substitution desired for the low-molecular-weight cellulose organic acid ester. With a degree of 
substitution below 2, products have a high moisture absorption, while with a degree of 
substitution above 2.5, the starting material has a low solubility in organic acids, thus often a 
solvent is needed to carry out the reaction, so a degree of substitution in the range of 2-2.5 is 
practical. However, a degree of substitution below 2 or above 2.5 can be used for special 
applications such as hydrophilic coatings, solvent-resistant coatings, etc. 

When acetic acid is used for the organic acid in the present invention, cellulose acetate 
having a lower molecular weight than the starting materia] is obtained. When an organic acid 
other than acetic acid is used, a mixed ester of cellulose acetate and another organic acid ester 
with a lower molecular weight than the starting material is obtained. The organic acids other than 
acetic acid may be various saturated acids and unsaturated acids, while acids especially preferred 
are organic acids of 3-6 carbon atoms, e.g., saturated acids such as propionic acid, butyric acid, 
valeric acid, etc.; unsaturated acids such as acrylic acid, methacrylic acid, crotonic acid, sorbic 
acid, etc. In the case of long-chain fatty acids of 7 or more carbon atoms and aromatic organic 
acids, their incorporation into the mixed esters is smaller than that of acids of 3-6 carbon atoms. 

When the cellulose acetate starting material is insoluble in organic acids or when a low 
viscosity is desired for the reaction systems, solvents may be added as desired. The solvents may 
be any substances that dissolve the cellulose acetate starting material and have no adverse effects 
on the reaction, e.g., hydrocarbons, halogenated hydrocarbons, ethers, ketones, amides, 
sulfoxides, etc., and mixtures thereof. Water and alcohols result in a reduced degree of 
substitution, thus they are not favored when retention of the degree of substitution is required. 

Compositions can be varied widely. Excluding the cation exchange resin, practical 
compositions contain 5-50% of cellulose acetate and 95-50% of an organic acid. A portion of the 
organic acid may be replaced by a solvent. When a lowering of the degree of substitution during 
the reaction is not desirable, a lower water content in the reaction system is desirable, with a 
water content below 2% being especially desirable. 

At a reaction temperature below 30°C, the reaction is slow, thus not practical. The higher 
the reaction temperature, the higher the reaction rate and the lower the cation exchange resin 
service life. A reaction temperature below 130°C is desired, and 50-l00°C is preferred. 



51-2549 



5 



Upon completion of the reaction, neutralization is not necessary, and simple separation of 
the cation exchange resin from the reaction mixture results in removal of the catalyst. 

Next, specific examples of the present invention are illustrated. However, the present 
invention is not limited to such examples. 

APPLICATION EXAMPLE 1 

In a 300-mL glass reactor fitted with a stirrer, 1 5 g of cellulose acetate (degree of 
substitution 2.40, limiting viscosity 1.15 dL/g in acetone) and 135 g of acetic acid were added; 
the resulting mixture was heated at 80°C for complete dissolution, treated with 5 g of cation 
exchange resin Amberlyst 15 (product of Rohm & Haas Co.), heated at 80°C for 2 h, filtered 
from the cation exchange resin, poured into a large amount of water, filtered, washed with water 
until the filtrate was neutral, and dried in vacuo at 80°C for 20 h. 

Analysis of the product according to ASTM D871-63 showed an acetyl degree of 
substitution of 2.38 and limiting viscosity in acetone at 30°C (hereafter referred to simply as 
limiting viscosity) of 0.43 dL/g. 

APPLICATION EXAMPLE 2 

In a 300-mL glass reactor fitted with a stirrer, 1 5 g of cellulose acetate (degree of 
substitution 2.40, limiting viscosity 1.15 dL/g) and 135 g of butyric acid were added; the 
resulting mixture was heated at 80°C for complete dissolution, treated with 5 g of cation 
exchange resin Dowex MSC-1 (product of Dow Co., H + type), and heated at 80°C for 2 h, then 
the product was purified similarly as in Application Example 1. Analysis of the product 
according to ASTM 871 showed an acetyl degree of substitution of 2.28, butyryl degree of 
substitution of 0.10, and limiting viscosity of 0.42 dL/g. 

COMPARATIVE EXAMPLE 1 

Application Example 2 was repeated without using the cation exchange resin. Analysis of 
the product showed an acetyl degree of substitution of 2.40, butyryl degree of substitution of 0, 
and limiting viscosity of 1 . 14 dL/g. 

COMPARATIVE EXAMPLE 2 

Application Example 2 was repeated with a reaction at 20°C for 48 h to obtain a product 
with an acetyl degree of substitution of 2.37, butyryl degree of substitution of 0.02, and limiting 
viscosity of 1.05 dL/g. 
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APPLICATION EXAMPLES 3-6 

Application Example 2 was repeated with the addition of water in the reaction system to 
a water content of 1%, 2%, 3%. and 5% with a reaction at 80°C for 2 h. Analytical results of the 
products are given in Table 1 . 



Table 1 





Water content 


Acetyl degree of 
substitution 


Butyryl degree of 
substitution 


Limiting viscosity 


Application Example 3 


1% 


2.29 


0.10 


0.41 d!_/q 


Application Example 4 


2% 


2.27 


0.09 


0.41 dL/g 


Application Example 5 


3% 


2.10 


0.07 


0.43 dL/g 


Application Example 6 


5% 


1.70 


0.03 


0.45 dL/g 



APPLICATION EXAMPLES 7-10 

Application Example 2 was repeated with replacement of the Dowex MSC-1 by four 
resins — strong-acid cation exchange resins Amberlite IR 121 of Rohm & Haas Co. (Application 
Example 7), Diaion SKI A of Mitsubishi Kasei Kogyo Co. (Application Example 8), and Dowex 
50 WX of Dow Co. (Application Example 9), as well as weak-acid cation exchange resin 
Amberlite IRC-84 of Rohm & Haas Co. (Application Example 10) — with a reaction at 80°C for 
4 h otherwise the same as in Application Example 2. Products were purified similarly as in 
Application Example 1. Analytical results of products are shown in Table 2. 



Table 2 





Acetyl degree of 
substitution 


Butyryl degree of 
substitution 


Limiting viscosity 


Application Example 7 


2.14 


0.25 


0.26 dL7g 


Application Example 8 


2.15 


0.24 


0.27 dL/q 


Application Example 9 


2.12 


0.26 


0.29 dL/g 


Application Example 10 


2.30 


0.08 


0.97 dL/g 



APPLICATION EXAMPLE 1 1 

In a 500-mL glass reactor, 20 g of cellulose acetate (degree of substitution 2.60, limiting 
viscosity 1 .23 dL/g) and 85 g of dioxane were heated at 100°C for dissolution, treated with 200 g 
of oleic acid and 10 g of Amberlyst 15, and heated at 100°C for 2 h for the reaction. The reaction 
product was purified similarly as in Application Example 1, and excess oleic acid was removed 
by washing with ethanol. Analysis of the product showed an acetyl degree of substitution of 
2.50, oleyl degree of substitution of 0.03, and limiting viscosity of 0.26 dL/g. 
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APPLICATION EXAMPLE 12 

In a 500-mL glass reactor, 15 g of cellulose acetate (degree of substitution 2.23, limiting 
viscosity 1.10 dL/g) and 85 g of acetone were heated at 50°C for dissolution, treated with 120 g 
of methacrylic acid, 1 g of hydroquinone, and 3 g of Amberlyst 15, and heated at 50°C for 6 h 
for the reaction. The reaction product was purified similarly as in Application Example 1 . 
Analysis of the product showed an acetyl degree of substitution of 2.13, methacryloyl degree of 
substitution of 0.07, and limiting viscosity of 0.46 dL/g. 

APPLICATION EXAMPLE 13 

In a 500-mL glass reactor, 1 5 g of cellulose acetate (degree of substitution 1 .92, limiting 
viscosity 1 .05 dL/g) and 85 g of dioxane were heated at 80°C for dissolution, treated with 12.0 g 
of crotonic acid, 1 g of hydroquinone, and 5 g of Amberlyst 15, and heated at 80°C for 2 h for 
the reaction. The reaction product was purified similarly as in Application Example 1 . Analysis 
of the product showed an acetyl degree of substitution of 1.83, crotonyl degree of substitution of 
0.07, and limiting viscosity of 0.42 dL/g. 

APPLICATION EXAMPLE 14 

A slurry of 100 g of cation exchange resin Amberlyst 15 in acetic acid was packed in a 
glass tube with an inner diameter of 2 cm and length of 60 cm fitted with a heated jacket, which 
was then heated by circulating 85°C water. A solution made from 10 parts of cellulose acetate 
(degree of substitution 2.40, limiting viscosity 1.15 dL/g) and 90 parts of acetic acid at 80°C was 
added to the top of the glass tube at a rate of 0.8 mL/min and discharged from the bottom of the 
glass tube. The composition of the discharged solution became constant after 3 h, reaching about 
the same concentration as the feed material. The discharged solution was poured into a large 
amount of water, then the precipitated reaction product was purified similarly as in Application 
Example 1 and analyzed, showing an acetyl degree of substitution of 2.36 and limiting viscosity 
of 0.40 dL/g. 

According to the process of the present invention using cation exchange resins in place of 
conventional liquid acids as catalysts, catalyst removal after the reaction is extremely easy, 
requiring no neutralization, and catalysts can be completely removed by ordinary solid-liquid 
separation such as filtering, centrifugal separation, etc. Therefore, there will be no catalysts or 
catalyst-originated impurities present in the product, and the products are highly pure with 
properties that are desirable for applications as coatings. 

Since there are no problems of acid-caused corrosion of equipment, no need for the use of 
expensive reactors is also an advantage. Furthermore, cation exchange resins can be used 
repeatedly, which is a great advantage. 
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Japanese Kokai Patent No. 51-119088 



Translated from Japanese into English 
by Phoenix Translations Code No. 51-2549 
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